ABSTRACT. Regional land use planning provides opportunities for governments, land users, and stakeholders to consider multiple land and resource interests over large geographic areas and meaningful time periods. The broad and integrative nature of regional planning is therefore well suited to assessing the potential cumulative effects of current and future land use activity. For this reason, cumulative effects assessment models and management concepts are playing an increasingly important role in regional planning. We describe how the ALCES® landscape cumulative effects simulation model was used to explore possible outcomes of an oil and gas scenario in the Eagle Plain basin of the North Yukon Planning Region of Yukon Territory, Canada. Scenario modeling was conducted to facilitate informed discussion about key land use issues and practices, potential levels of landscape change, and possible socioeconomic benefits and environmental impacts. Modeling results supported the sustainable development and cumulative effects management recommendations of the North Yukon Regional Land Use Plan. Land use scenario modeling, as applied in this project, was found to be an effective approach for establishing sustainable development guidelines through a regional planning process.
INTRODUCTION
Northern Canada is undergoing considerable social, economic, political, and ecological change. Aboriginal communities desire to maintain strong cultural and traditional economic ties to the land, but also wish to participate in modern wage-based economic activities. Increasing interest in economic development, including oil and gas, mining, tourism, and transportation, is providing employment and wages but is also resulting in adverse social and ecological effects. Climate change has the potential to result in high levels of ecological change (Hinzman et al. 2005) , with associated effects on cultural systems (ACIA 2005) .
Regional land use planning is a possible mechanism for preparing for and managing the magnitude and pace of change. In Yukon Territory, Canada, recent land claim agreements and the devolution of federal management responsibilities to territorial and First Nation governments have given rise to new environmental assessment and land and resource decisionmaking processes (e.g., Yukon Environmental and Socioeconomic Assessment Act 2003) . These land claim agreements provide opportunities for planning commissions with equal participation from government, First Nations, and communities to prepare land use plans. The plans must, as core principles, incorporate traditional knowledge and experience, be built through consensus, and promote sustainable development (Government of Yukon, Council of Yukon Indians and Government of Canada 1993a) . While this represents a new paradigm for First Nation participation in land and resource management in Yukon, it is not without significant challenges.
Generally, the preparation of a regional land use plan requires the formulation of value statements and decisions about the future. What are the cultural and ecological values we strive to protect? What are our economic objectives? What level and type of land use activity will result in the economic benefits we hope to achieve? What level of risk are we prepared to accept? Will anticipated land use activity result in unacceptable risks to our cultural and ecological values? To be effective, regional planning must understand the future consequences of today's decisions, and evaluate whether those decisions will achieve the desired results. Having the capacity to look forward, and understand and evaluate possible alternative futures, is therefore required.
The development and analysis of land use scenarios is an effective method of evaluating possible alternative futures. Land use scenarios describe a model or outline of plausible land uses that might occur, including possible timelines, benefits, and impacts (Xiang and Clarke 2003, Mahmoud et al. 2009) . Scenario development provides a structured approach to dealing with future uncertainty. Also, in the context of regional planning, scenario development requires participants to clearly state assumptions and desired outcomes, leading to greater clarity and understanding. Simulation models allow the scenarios to be projected forward, and the potential risks and benefits of different outcomes to be explored and evaluated.
Achieving sustainable development requires understanding and managing the adverse cumulative impacts of multiple land use activities. In Canada, the linkage between regional land use planning and cumulative effects assessment and http://www.ecologyandsociety.org/vol16/iss4/art18/ management has received much attention (Kennett 1999 , Greig et al. 2004 , Duinker and Greig 2006 . There is growing consensus that conducting cumulative effects assessments as part of scenario-based regional planning is more effective than the current practice of sectoral planning or project-based assessment. Regional planning is well positioned to examine the possible outcome of multiple land uses over meaningful time scales and large geographic areas-similar goals as cumulative effects assessment. Further, regional planning has the potential to implement cumulative effects management tools and approaches as part of plan implementation. For these reasons, cumulative effects assessment models and management concepts are playing an increasingly important role in regional planning.
We describe how the ALCES ® landscape cumulative effects simulation model (ALCES 2011) was used to explore outcomes of potential oil and gas development in the Eagle Plain basin of the North Yukon Planning Region (NYPR) of Yukon Territory, Canada (Fig. 1) . Results are summarized and discussed. A brief overview of the North Yukon Regional Land Use Plan (NYRLUP) is provided. How the scenario modeling results contributed to the NYRLUP management recommendations is also described. 
About the North Yukon Regional Land Use Plan
The Vuntut Gwitchin First Nation Final Agreement (VGFNFA) was signed in 1993 and contains provisions for establishing a planning commission to conduct regional land use planning (Government of Yukon, Council of Yukon Indians and Government of Canada 1993b). The NYPR is the traditional territory of the Vuntut Gwitchin First Nation (VGFN). In 2007, after a four-year public process, the North Yukon Planning Commission (NYPC) submitted the draft NYRLUP for consideration by the Yukon and Vuntut Gwitchin governments (NYPC 2007a) . Under the VGFNFA, the Yukon and First Nation governments have joint approval and implementation responsibilities for the land use plan. The NYRLUP was approved in June 2009 (Yukon Government and Vuntut Gwitchin Government 2009).
As part of its sustainable development mandate, a major goal of the NYRLUP was to recommend measures to minimize the adverse cumulative effects of land use. To achieve this goal, the NYPC required an understanding of potential levels of change resulting from land use and natural processes. Establishing limits of acceptable change (Macleod Institute 2002) for two integrated cumulative effects indicators, total surface disturbance and linear density (Salmo et al. 2004) , was adopted as a relevant and practical approach for managing potentially adverse cumulative effects. The scenario modeling project we describe was initiated to support the cumulative effects management recommendations of the NYRULP.
The NYRLUP includes a zoning system with protected, integrated management, and community areas. The integrated management area (IMA) is the working landscape where oil and gas, mineral development, and other industrial activities can occur. The IMA includes four zones organized on the concept of acceptable levels of human-caused change and potential risks to ecological and cultural resources (Table 1) . Two integrated indicators of cumulative effects, total surface disturbance and linear density, are part of the zone definitions and help define the relative level of conservation or development focus in each zone. Critical and cautionary indicator levels are defined for each IMA zone. Consideration of economic, ecological, and cultural values results in different zone designations for different IMA units (Fig. 2) .
Planning region overview Geographic and ecological setting
The NYPR is 55,548 km 2 in area, encompassing 12 percent of Yukon Territory, Canada (Fig. 1) . The NYPR is part of Beringia, an area spanning Yukon, Alaska, and Siberia that remained ice-free during successive periods of continental glaciations over the past two million years (Hopkins et al. 1982 , Duk-Rodkin 1999 . Much of the region is north of the Arctic Circle, and continuous permafrost underlies most of the area (Smith et al. 2004 The region is ecologically diverse, with rolling forested plateaus, major wetland complexes, large rivers, and rugged mountainous areas with expanses of shrub and tundra-like vegetation (Smith et al. 2004) . Approximately half of the NYPR is forested, with Arctic tundra occurring in the northern portion of the region. Elevation ranges from 325 m in Old Crow Flats to 1800 m in the North Ogilvie Mountains. Most of the region is within the Porcupine River watershed. Major tributaries include the Old Crow, Eagle, Bell, Whitestone, and Fishing Branch rivers. Rivers experience very low winter flows and dramatic variations in flow during summer.
The NYPR is occupied seasonally or annually by approximately 40 species of mammals, 150 species of birds, and 18 species of fish, including three species of salmon (NYPC 2007b) . The barren-ground Porcupine Caribou Herd (Russell et al. 1993 ) is the most significant wildlife resource in the planning region, and is a vital cultural and economic resource for the community of Old Crow and neighboring Gwich'in communities.
Three protected areas cover about one third of the region. Vuntut National Park, Old Crow Flats Special Management Ecology and Society 16(4): 18 http://www.ecologyandsociety.org/vol16/iss4/art18/ Area, and Ni'iinlii'njik (Fishing Branch) Wilderness Preserve are co-managed by the Vuntut Gwitchin Government, the Yukon Government, and responsible federal agencies. 
People and economy
Old Crow is the only permanent community in the region, with a population of about 300 people. Almost all residents are VGFN citizens. Old Crow is the only community in Yukon without all-season road access, but it is serviced year-round by air or occasionally by winter road. The Dempster Highway runs through the southeastern portion of the NYPR, connecting southern Yukon with the Mackenzie River delta communities in Northwest Territories. It is the only major allseason road in northern Yukon.
The regional economy is a "mixed economy" where both traditional subsistence harvesting and wage-based activities co-exist (Berman and Kofinas 2004) . Subsistence hunting, gathering, and trapping are still very important economic and cultural activities in Old Crow. Transportation and government services are the most significant sources of wagebased employment.
Activity in most other land use sectors is currently low but increasing. Wilderness and community-based tourism is expanding. While there are no operating mines, mineral exploration activity has recently increased. There is no commercial forestry or agriculture. The Eagle Plain oil and gas basin received a high level of exploration in the 1960s-70s and is considered to be one of Yukon's most promising areas for future natural gas production. Current estimates identify the potential for 7.9 trillion cubic feet of natural gas and moderate oil potential for 536 million barrels (Osadetz et al. 2005) . Most tourism, oil and gas, and mining interests and activities occur along the Dempster Highway corridor.
Key planning issues
Recommending measures to protect regional ecological integrity and Vuntut Gwitchin culture, traditional economy, and heritage resources while providing opportunities for economic development activities and wage-based employment was the central challenge facing the NYPC (NYPC 2007a, b) . The NYRLUP attempts to balance potential risks to ecological and cultural resources with the requirement for, and potential impacts of, economic development (Yukon Government and Vuntut Gwitchin Government 2009).
Understanding and managing the cumulative impacts of potential oil and gas exploration and development in Eagle Plain, and the possible effects of climate change (Hinzman et al. 2005) , were identified as the most significant ecological planning issues by community members and stakeholders (NYPC 2007a, b) . Of special concern were potential impacts to barren-ground caribou and moose, and their habitats. The scenario modeling we describe, therefore focused on potential energy sector activity in the Eagle Plain basin (Fig. 3) .
The NYPC considered scenario modeling to be an effective approach to better understanding the potential risks and benefits of oil and gas exploration and development, the key issue of the NYRLUP. Further, the community of Old Crow was familiar with the concepts of scenario modeling through previous initiatives (Berman et al. 2004 , Kruse et al. 2004 . The ALCES ® model was selected as the North Yukon scenario modeling tool due to its prior application towards similar land use issues in other jurisdictions (e.g., Schneider et al. 2003) .
METHODS

ALCES® landscape cumulative effects simulation model
The ALCES ® landscape cumulative effects simulation model (ALCES 2011) was used to examine possible outcomes of an oil and gas scenario in the Eagle Plain basin of the NYPR. ALCES ® is a stock and flow model built in the Stella/iThink software environment (isee systems 2010). The ALCES ® model has been used in western and northern Canada, and has recently been deployed in other jurisdictions, including Australia. ALCES ® simulates and tracks current and future land use footprints and other indicators based on user-defined parameters. ALCES ® allows users to define land use scenarios and project their potential outcomes into the future. The model enables users to explore and quantify dynamic landscapes affected by single or multiple human land use practices and various natural disturbance regimes such as fire and flooding. ALCES ® was specifically developed to assist resource managers, planners, and communities in the following areas: http://www.ecologyandsociety.org/vol16/iss4/art18/ q track anthropogenic footprints and economic contributions of different land uses; q identify and communicate ecological and land use issues; and q explore mitigation strategies for issues related to the maintenance of ecological (e.g., wildlife habitat quality), social (e.g., population), and economic (e.g., employment and royalty revenues) goals. ALCES ® uses a spatially stratified approach to track land use activities and natural disturbance regimes. The model stratifies landscapes based on user-defined "landscape types" and assigns user-defined "land use footprints", trajectories, and reclamation rates for each land use based on proportions and rates. Land use footprints are tracked based on their proportional representation within each landscape type. Some factors may have major effects on the rate and magnitude of landscape change. In the ALCES ® model, the relative influence of land use activities and practices (e.g., oil and gas, tourism, or mining), natural disturbance regimes (e.g., fire or forest insects), and climatic effects (e.g., climate change) can be isolated and examined. In this manner, ALCES ® provides a framework for evaluating the potential significance of different natural and human land use factors. Model outputs are in the form of numeric tables or line and bar charts.
Scenario development
The oil and gas scenario was developed to address key planning issues and understand the potential cumulative impacts of energy sector activity in the Eagle Plain area of the NYPR (Fig. 3) . The Eagle Plain oil and gas scenario was originally developed by Fekete (2006) , and was further refined by the NYPC and the Yukon Oil and Gas Management Branch (Table 2 ). Current understanding of hydrocarbon potential (Osadetz et al. 2005) suggests that natural gas would be the most likely focus of future activity, although some oil production for local consumption could also occur. Construction of the Mackenzie Valley Pipeline (Mackenzie Gas Project 2010) in the adjacent Northwest Territories, and a lateral pipeline along the Dempster Highway to Yukon, was considered to be a necessary catalyst for natural gas development in Eagle Plain. A number of different oil and gas scenarios for Eagle Plain were not examined because the range of plausible scenarios was considered to be relatively low. Therefore, the modeling exercise focused on comparing the potential effect of different operating practices and methods of extracting approximately 2 trillion cubic feet (5.6 billion cubic meters) of natural gas and 2.74 million barrels (435,000 cubic meters) of oil over a 30-year period on selected indicators. The transportation capacity of a Dempster Highway lateral pipeline was considered to be a primary constraint on natural gas production levels (Fekete 2006) .
Ecology and Society 16(4): 18 http://www.ecologyandsociety.org/vol16/iss4/art18/ The Eagle Plain oil and gas scenario may be considered an anticipatory, stakeholder-defined projection of possible future development (Mahmoud et al. 2009 ). Numerous technical meetings were held with government agency and sector specialists to develop detailed scenario parameters and assumptions. Community input did not directly inform the technical aspects of the oil and gas scenario, but played an important role in the identification of ecological values and issues. Technical discussions were integral to the modeling effort, and assisted in fostering increased understanding of key issues and operating practices between planners and sector specialists.
Populating the ALCES® model
To prepare for scenario modeling, data were gathered or created to describe the biophysical and climate characteristics of the region, land use growth rates and parameters (including footprint reclamation rates and trajectories), and wildlifehabitat relationships (including possible wildlife responses to human features and activities). A variety of information sources was used, including published literature (e.g., Russell et al. 1993 , Nelleman and Cameron 1998 , Tromulak and Frissell 2000 , Berman et al. 2004 , Kruse et al. 2004 , Cameron et al. 2005 , and Hinzman et al. 2005 , government and industry domain experts and reports (e.g., Osadetz et al. 2005 , Fekete 2006 , and community of Old Crow land user knowledge workshops (for barren-ground caribou and moose habitat models). A full description of information compiled in support of this exercise is contained in the NYPR Resource Assessment Report (NYPC 2007b) .
Conducting scenario modeling
Scenario modeling was conducted in the Eagle Plain Study Area, a sub-region of the NYPR (Fig. 3) . A 100-year simulation period was selected to examine the full cycle of potential hydrocarbon production (exploration, production, and reclamation).
The estimated range of natural variability (RNV) was used as a benchmark to compare barren-ground caribou and moose indicator response to the oil and gas scenario. RNV was estimated in the following manner. Using GIS, all current land use features were removed from the study area landscape map. Monte Carlo simulations were then used to stochastically model habitat conditions based on calculated fire size and fire return intervals, and vegetation succession. Ninety-five percent confidence intervals were then calculated to represent expected pre-disturbance RNV of barren-ground caribou and moose habitat conditions within Eagle Plain.
Sensitivity analysis was used to explore the potential effect of varying oil and gas infrastructure parameters (seismic line width and well site aggregation) and footprint revegetation rates on ecological and disturbance indicators. Potential climate change effects (increasing fire rate, vegetation transitions, and changing snow conditions) on barren-ground caribou and moose habitat quality were also examined.
Indicators
Socioeconomic and ecological indicators were selected based on relevant cultural and resource values, and key planning issues (Table 3) . Barren-ground caribou winter and moose late-fall habitat suitability and effectiveness, human-caused surface disturbance and linear density, and economic metrics, such as employment and commodity production, were reported.
RESULTS
Socioeconomic outcomes
Results for the Eagle Plain oil and gas scenario are summarized in Table 4 . Modeling results suggest that based on the assumed level of oil and gas production, 120 full-time equivalent (FTE) exploration positions and 300-350 FTE production positions would be generated annually, for a period of 20-30 years. Wage generation from these positions was estimated to be $25-36 million annually. Potential revenue, based on fixed commodity price assumptions ($10/million cubic feet natural gas; $60/barrel oil), ranged from $530 million to $1.2 billion annually.
Increasing energy sector activity was not expected to result in a major change in regional population because most activity would occur a large distance from Old Crow, with employees being housed in work camps. However, the number of energy sector workers in the region would be similar to the current population of Old Crow for a period of at least 30 years.
Ecological and land use outcomes
Modeled results for maximum levels of surface disturbance ranged from approximately 7500 ha to 20,000 ha, depending on operating practice and reclamation assumptions (discussed further in Sensitivity analysis). Maximum linear density levels ranged between 0.7 and 1.3 km/km 2 .
The modeled direct and indirect habitat impacts of energy sector activity resulted in reduced barren-ground caribou winter Habitat Effectiveness Index (HEI) and moose late-fall HEI. Reduction of HEI value ranged from 20 to 40 percent, compared with undisturbed habitat conditions. Through sensitivity analysis, energy sector operating practices and snow conditions were found to a have large influence on indicator outcomes.
Sensitivity analysis Energy sector operating practices
Energy sector operating practices have the potential to decrease levels of surface disturbance and linear density, with corresponding increases in barren-ground caribou and moose HEI. Seismic line widths, and the reclamation rate of those features, are important factors affecting maximum levels of surface disturbance and linear density (Table 5 ). However, well aggregation (increasing the number of oil or gas wells on each well pad) results in the largest decrease in surface disturbance, primarily as a result of decreased length of access Relative ranking of wildlife habitat quality, with consideration of potential human-caused habitat effects. Like HSI, HEI values range from 0 (no habitat value) to 1 (perfect habitat value). HEI can be compared against HSI to understand potential land use impacts. Two wildlife focal species HEI indicators were examined: barren-ground caribou winter HEI, and moose latefall HEI roads, and the corresponding effect on gravel requirements (Table 5) .
Snow conditions and barren-ground caribou
Climate change was identified as an important issue for the NYRLUP. Climate-induced changes that may affect barrenground caribou and moose habitat suitability include vegetation transition, variation of winter snow depth and snowpack density, and increasing fire rates (Hinzman et al. 2005) . Of these potential effects, only winter snow conditions were found to have a major impact on barren-ground caribou winter habitat quality in the Eagle Plain Study Area (this was not a major factor for moose). Compared with good (low depth) snow conditions, poor (high depth) snow condition resulted in an approximate 70 percent reduction in habitat value, decreasing from an average of 0.68 to 0.20.
DISCUSSION
Scenario results
The Eagle Plain oil and gas scenario represents a land use activity with the potential to generate significant economic benefits but that also poses potential ecological risks. Commodity production and price is the primary driver of potential revenue and employment; higher or lower prices and levels of production will result in changed economic results (revenue and employment).
The assumptions surrounding the North Yukon oil and gas scenario, as modeled in this project, were generally considered reasonable by both industry and the community. The scenario represented a low to medium growth situation, where capacity of the Dempster Lateral pipeline was considered to be the "cap" on potential levels of natural gas development. If larger reserves of natural gas were discovered, and pipeline capacity was increased, the level of energy sector activity in Eagle Plain could increase substantially. Scenario results presented in this paper may therefore be conservative.
Exploring other scenarios with different levels of natural gas reserves or additional pipeline capacity would have broadened the understanding of possible energy sector futures in North Yukon. However, modeling a single oil and gas scenario, and then performing sensitivity around selected parameters, resulted in the desired learnings of the scenario modeling exercise. A large number of scenarios with different assumptions and parameters would have made the communication and interpretation of results challenging.
Regardless of production levels, energy sector operating practices may play a large role in decreasing potential impacts to valued wildlife species and habitats (Table 5) . Model results suggest that minimizing the amount of all-season access roads is the most important strategy for reducing impacts on barrenground caribou and moose. Development of an all-season access road network within Eagle Plain would be the most Table 4 . Eagle Plain oil and gas scenario results.
Indicator
Eagle Plain oil and gas scenario
Socioeconomic indicators
Commodity production Based on 30-year play: 2.0 trillion cubic feet natural gas, 2.74 million barrels oil Revenue Based on $10/million cubic feet natural gas: $500 million-$ significant long-term management issue associated with energy sector activity.
As described in the sensitivity analysis, increasing snow depth and hardness may have a greater adverse effect on barrenground caribou winter habitat quality in Eagle Plain than the oil and gas scenario as examined. The potential combined effects of climate change-induced changes in snow conditions and increasing energy sector activity require a cautious management approach for the NYPR.
Support for planning recommendations
The NYRLUP accepts that land uses result in some level of impact, but that within limits, impacts are acceptable and sustainable. Scenario modeling results supported the recommendations and cumulative effects management guidelines of the NYRLUP (NYPC 2007a). Critical and cautionary cumulative effects indicator levels were recommended based on the simulated levels of surface disturbance and linear density associated with the Eagle Plain oil and gas scenario (Tables 1 and 5 ).
For example, scenario modeling results suggested that a moderate level of oil and gas exploration and production could occur in the Eagle Plain basin while maintaining total surface disturbance and linear density at less than one percent and 1 km/km 2 of the area, respectively, provided that a number of best management practices were followed (Table 5) . Considering potential risks to valued resources, the NYPC recommended these disturbance levels to be acceptable in the Eagle Plain area in order to achieve desired economic benefits. However, to achieve regional conservation objectives, lower cumulative surface disturbance and linear density guidelines were recommended for other parts of the NYPR, as designated by the zoning system.
In this manner, the scenario modeling approach supported land use zoning and cumulative effects recommendations. The planning support provided by ALCES ® and land use scenario modeling ultimately assisted with the formal approval and adoption of the NYRLUP (Yukon Government and Vuntut Gwitchin Government 2009 ) by creating buy-in from different stakeholder groups, and by demonstrating a balanced approach to conservation planning and economic development.
Other benefits of scenario modeling
While modeling results supported planning recommendations, the activities associated with the modeling process itself also had several benefits. These include increased communication and understanding of land uses and ecology, identification of key drivers of change, and improved understanding of socioeconomic and ecological trade-offs. Similar experiences were noted by Sandker et al. (2010) . However, it is important to recognize that our scenario modeling exercise was focused primarily on domain experts and government participants with decision-making powers. Key learnings were communicated to the community of Old Crow through the NYRLUP and discussions surrounding it, but community members did not participate directly in the scenario modeling itself. How this potentially affected outcomes is uncertain.
Our decision to focus on domain experts was necessitated by limited time and resources. Direct, meaningful community member engagement in the scenario modeling process would have required significant human resources beyond what the NYPC could have provided, but should be considered in future exercises.
Identification of key drivers of change
The ALCES ® model was well suited to identifying key drivers of change and illustrating the relative effect and potential magnitude of those changes. This resulted in a more objective "evidence-based" discussion of potential land use impacts. For example, some resource managers had previously failed to grasp the large effects that snow conditions and fire regimes can have on caribou habitat conditions. Similarly, the model helped enhance the understanding of key land use parameters by illustrating the linkage between the level of oil and gas activity, operating practices, and road density.
Improved understanding of trade-offs
Land use planning participants and decision-makers often have difficulty understanding the nature and magnitude of potential trade-offs that may exist between conservation and socioeconomic considerations. In North Yukon, previous land and resource discussions generally focused on absolute choices-conservation versus development, or more specifically, caribou herd health versus oil and gas development. The ALCES ® model helped demonstrate that within limits, and if well managed, oil and gas development could potentially occur in Eagle Plain and provide desired economic benefits without causing unacceptable impacts on caribou habitat. Conversely, in order to maintain desired caribou values, high levels of oil and gas development could not occur everywhere, and would have to be carefully managed with a focus on linear feature reduction and access management.
Future uncertainty
Projections of future land use and environmental conditions are uncertain. The Eagle Plain oil and gas scenario examined in this exercise is based on specific assumptions about the rate, location, and operating practices of the activity. Government policy, global commodity prices, trends in energy supply and transportation infrastructure, and technological innovation all affect the potential intensity and location of future land use activities. It is probable that the scenario assumptions used in this project may not be valid 20 or 30 years in the futureeconomic conditions and policy decisions may result in very different future land use outcomes. For example, it is possible that oil and gas development in the Eagle Plain region may never be realized. Similarly, climate change impacts may be Ecology and Society 16(4): 18 http://www.ecologyandsociety.org/vol16/iss4/art18/ of different magnitude than anticipated, resulting in variable stresses to wildlife and cultural systems.
While future conditions are uncertain, examining plausible futures based on current assumptions allows potential socioeconomic benefits and environmental impacts to be understood and evaluated today, with a focus on risk management. Evaluating potential risks and benefits of land use is central to developing and implementing sustainable development strategies that can be re-evaluated as circumstances change. Similar to the precautionary principle, uncertainty about future land use activities should not impede progressive and cautionary approaches to land management today.
CONCLUSION
Land use scenario modeling was an effective process for facilitating an informed discussion about the potential benefits and risks of oil and gas development in the Eagle Plain area of northern Yukon. Scenario modeling results directly supported planning recommendations of the NYRLUP. The ALCES ® landscape cumulative effects simulation model was effective in facilitating increased communication and understanding between participants, identifying key drivers of change, and highlighting the type and magnitude of potential trade-offs between conservation and socioeconomic considerations. Use of the model facilitated a more neutral, objective discussion of potential risks and benefits of land use than had previously been possible, ultimately leading to greater acceptance and adoption of the NYRLUP.
The NYRLUP attempts to balance potential risks to ecological and cultural resources with the requirement for, and potential impacts of, economic development. Understanding and managing potential cumulative land use impacts is central to achieving this goal. Scenario modeling approaches, as applied in this project, can assist in establishing guidelines for sustainable levels of development and associated impacts through regional planning processes. 
Responses to this
